This ecological correlation study explores the marked differential in osteoporosis susceptibility between East and West Africans. African tsetse belt populations are lactase non-persistent (lactose intolerant) and possess none of the genetic polymorphisms carried by lactase persistent (lactose tolerant) ethnic populations. What appears paradoxical, however, is the fact that Niger-Kordofanian (NK) West African ethnicities are also at minimal risk of osteoporosis. Although East Africans share a genetic affinity with NK West Africans, they display susceptibility rates of the bone disorder closer to those found in Europe. Similar to Europeans, they also carry alleles conferring the lactase persistence genetic traits. Hip fracture rates of African populations are juxtaposed with a global model to determine whether it is the unique ecology of the tsetse-infested zone or other variables that may be at work. This project uses MINITAB 17 software for regression analyses. The research data are found on AJOL (African Journals Online), PUBMED and JSTOR (Scholarly Journal Archive). Data showing the risk of osteoporosis to be 80 times higher among East Africans with higher levels of lactase persistence than lactase non-persistence West Africans are compared with global statistics. Hip fracture rates in 40 countries exhibit a high Pearson's correlation of r ¼ 0.851, with P-value ¼ 0.000 in relation to dairy consumption. Lower correlations are seen for hip fracture incidence vis-a`-vis lactase persistence, per capita income and animal protein consumption. Ethnic populations who lack lactase persistence single-nucleotide polymorphisms may be at low risk of developing osteoporosis.
Introduction
Osteoporosis is a degenerative bone disease, which is characterized by a low skeletal mass, micro-architectural deterioration of bone tissue and an increased risk of fracture. It afflicts an estimated 200 million people globally, placing a heavy burden on financial and health-care resources. Family and twin studies have identified a strong heritability component to this disorder. However, one of the most challenging areas of biogenetics research is the ongoing effort to decode the genetic signature of this complex bone disorder. 1 Efforts to unmask the osteoporotic disease process by setting low-risk West Africans side by side with high-risk Northern Europeans are weighed down by a plethora of confounding variables. The differences that must be adjusted for involve not only genetic inheritance but also cultural factors, lifestyles, diet, habits of physical exertion, socio-economic status, life expectancy, climate, geography, epidemiological susceptibilities and qualitative differences in data collection. This study first examines data on hip fracture incidence among sub-Saharan African agriculturalists and pastoralists, that is, Niger-Kordofanians, Nilo-Saharans and Afro-Asiatics, whose genetic affiliations overlap with their linguistic groupings. 2 Although sharing similar per capita incomes, and life expectancies, notable differences in osteoporosis rates exist. 2 The appearance of a high correlation between pastoralism or dairy farming and osteoporosis in Africa is subsequently applied to a global data set of 40 countries. In addition to looking at the possible effects of dairy farming on hip fracture rates, it also applies regression analysis to such independent variables as lactase persistence single-nucleotide polymorphisms (SNP; derived from ethnic percentages of lactase persistence), per capita income and animal protein consumption.
Results
Hip fracture rates for females in the non-dairy, West African tsetse belt nations of Nigeria and Cameroon average 3.0 hip fractures per 100 000 for women aged 50 years and older.
In order to substantiate and expand the scope of these unusual findings, this study tests potentially meaningful independent variables, globally, using statistics from Europe, Asia, North America, Latin America and Africa ( Tables 1-3 : Data from 40 countries on hip fracture incidence, dairy consumption, lactase persistence SNPs, animal protein consumption and per capita income and references). An analysis using MINITAB 17 to compute correlations identifies dairy consumption as the independent variable with the highest Pearson correlation to hip fractures per 100 000 (r ¼ 0.851 with P-value ¼ 0.000 ( 
Discussion
Genetic researchers using genome-wide association studies, and newer comprehensive genotyping platforms, have to date identified 150 candidate genes and SNP found to be associated with osteoporosis. 7, 8 However, that number is expected to rise, and some researchers now suggest that the final count could number in the thousands. 9 Currently, the most popular candidates include genes encoding the vitamin D receptor, the alpha and beta estrogen receptors, apolipoprotein E, collagen type I, alpha 1 and methylene tetrahydrofolate reductase, among others. 10 In short, biogenetic technology has widely High osteoporosis risk among East Africans CB Hilliard increased our knowledge base of potential candidate genes for osteoporosis. However, the statistical power of such studies remains limited in their ability to assess gene-environment interaction. 11 By shifting focus from the West, where this degenerative bone disorder is most prevalent, to Africa, where it is virtually unknown in some regions, but common in others, this study presents new insights into the disorder's etiology and its signature marker genes.
A unique phenomenon found in sub-Saharan Africa provides a natural laboratory for examining osteoporosis. An environmental line of demarcation runs through the continent, appearing to divide low osteoporotic risk West Africa from higher risk East Africa. It tracks the boundaries of the vast swathe of West and Central Africa infested by the tsetse fly glossina, which transmits parasites of the Genus Trypanosoma ( Figure 5 Map of Sub-Saharan African Tsetse Zone & Cattle Rearing Areas). 12 This tsetse-infected area covers nearly onethird of the African continent or roughly 10 million km 2 , including some of the most fertile and best watered regions of West Africa. 13 Pastoralism is not possible in this zone. Although these parasites cause relatively mild infections in wild animals, in domestic livestock they cause a severe, often fatal disease, referred to as nagana. 12 The exception is the trypanotolerant cattle breeds maintained by Fulbe pastoralists on the margins of the zone.
14 Humans, however, show some level of resistance to all African trypanosome species with the exception of Trypanosoma brucei gambiense and T. b. rhodesiense.
15
The lack of osteoporosis risk found among the NigerKordofanian (Bantu-speaking) populations of West Africa may also help in reconstructing the etiology of this degenerative bone disorder. That is, the intersection of historical and genetic data may be able to shed light on the evolutionary epoch in which it began appearing among non-Niger-Kordofanian humans. According to the consensus 'Recent African Origin' model, anatomically modern humans evolved in Africa around 200 Kya (thousand years ago). The Niger-Kordofanian Africans (Y-DNA Haplogroup E1b1a, also known as the E-V38 phylogenetic tree) have lived continuously on the continent from earliest times. 16 If osteoporosis was not part of this ethnicity's bone morphology, when did it creep into the human genome? Several research studies have proposed that human susceptibility to osteoporosis and osteoporosis-related fractures is High osteoporosis risk among East Africans CB Hilliard the result of evolutionary adaptation, in which clues might be found in weighing the selective advantages and disadvantages of changed environments or human ecology. 17, 18 This study's transdisciplinary approach takes up that challenge by identifying the African tsetse/non-tsetse geographic divide, which appears to have played a role in differentiating low-and high-risk osteoporotic populations. Although the post-menopausal hip fracture rate and lactase persistence trait among East African pastoralists are closer to those of Europeans, their phylogenetic classificationsKhoisan, Niger-Kordofanian, Nilo-Saharan and Afro-Asiaticare African. 19 The osteoporotic susceptibility of East Africans also appears to correlate with recently identified alleles, encoded by the mini-chromosome maintenance protein 6 (MCM6), which influences the nearby lactase (LCT) gene. This genetic variant produces the lactase-phlorizin hydrolase enzyme in the gut wall, which regulates the absorption of lactose, the main sugar component in milk.
Western researchers had once assumed that lactase persistence represented a global genotype because of the ubiquitous nature of dairy culture among the European populations with which they were most familiar. However, the contrary has turned out to be the case, with 65% of the world's population exhibiting the lactase non-persistence trait. 20 As for what populations have these alleles and why, the answers have come through a series of studies examining genetic variation between dairy and non-dairy societies. Recent studies have shown that farming cultures have evolved the genetic variants required to allow adults to consume milk. 21 In the case of Northern Europeans, the T allele of a SNP 13.9 kb upstream of the lactase gene 13910-T/T allele (also known as 13910-T/T or rs4988235-T) confers the lactase persistence trait and is found in 90-95% of this population group. Individuals carrying the 13910 C/T and 13910 C/C (rather than 13910-T/T) SNPs are likely to be lactase non-persistent. Another set of genetic variants found among certain Europeans, the Kazakhstanis and populations inhabiting Northern India is the 22018A (also known as rs182549) SNP, which confers the lactase persistence trait and 22018-G, associated with the lactase non-persistent genotype. 22 Further research by the team of Sarah Tishkoff et al has shown that the genetic variants found among Europeans differ from those found in African dairying populations. East African High osteoporosis risk among East Africans CB Hilliard ethnicities possess any of three of these LCT-associated SNPs (14010-G/C, 13915-T/G and 13907-C/G) in their genomes. They endow this group with the lactase persistence trait. 23 The dominant lactase persistence polymorphism identified in Africa (c-14010) was found among Afro-Asiatic, Nilo-Saharan and Niger-Kordofanian populations at rates of 42.1%, 38.3 and 25% frequency. As expected, the East African branch of the Niger-Kordofanian group of farmers and agro-pastoralists had the smallest percentage of this dairy-derived SNP relative to the pastoralist populations. However, the West African Yoruba of Nigeria, which also belongs to the Niger-Kordofanian linguistic group, showed '0' percent frequency of the lactase persistence polymorphism C-14010. 24 Bypassed by MCM6 mutation Inhabiting the tsetse zone, with its special entomological challenges, the Niger-Kordofanians were passed over by one of the most significant developments in recent evolutionary genetics-the dairy revolution. 21 This transition from cerealgrain agriculture to dairy pastoralism/farming swept through Europe, as well as parts of the Middle East and East Africa 11 000 years ago. The genomic consequences were significant and swift. Within two millennium, several mutations had emerged and spread rapidly, allowing adults in dairy regions to hydrolyze the lactose in milk without first having to ferment it. The introduction of milk products to the human food supply increased calcium intake in dairy societies by 190%. Although the norm in Western countries rose to 700-800 mg, dietary calcium intake for populations in the tsetse zone remained in the 200-400 mg. a day range. 25 In comparison, the pastoralist Masai of East Africa have developed average daily intake of dairy calcium as high as 6000-7000 mg, based on a bovine milk diet.
Genetic studies also showed that, among Europeans, even the five to fifteen percent of such populations who exhibited the lactase non-persistence genotype nonetheless carried a variant of the lactase persistence allele. On the other hand, no lactase persistence variants were found in the West African Niger-Kordofanian population groups.
Osteoporosis in east and west Africa
Many West African-trained physicians in the tsetse belt have never seen, let alone treated a case of post-menopausal osteoporosis. However, their East African counterparts declare themselves to be facing an epidemic of such traumatic hip fractures, particularly among the agro-pastoralist population of Kenya. 26 In fact, a 2008 study in the British Journal of Sports 
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Medicine underscored the fact that osteoporosis has a presence in East Africa. It described the case of an elite Kenyan marathon runner, who presented at a London hospital with an osteoporotic fracture of the tibia, sustained during an international cross-country race. 27 Although this man's case was singular, it did support the findings in two studies conducted by Kenyan doctors. One was a report prepared by Dr G. Omondi Oyoo, a Rheumatologist and Senior lecturer at the University of Nairobi (Kenya) entitled: 'Stemming the tide of an osteoporosis epidemic.' 26 The second was a 2004 study, 'Is There Osteoporosis in Kenya?' in which Odawa et al. 6 reported a diagnosis of osteoporosis among 24.3% of postmenopausal women and osteopenia in 32%. In 2010, Dr LN Gakuu 28 of the Department of Orthopaedic Surgery, in the University of Nairobi College of Health Sciences, announced that osteoporosis had reached a crisis point and that all patients over 75 years of age with fragility fractures should be empirically treated for the bone disorder. 29 Among pre-menopausal women, the rates were 0.9% and 20.5%, respectively. 6 The Kenyan rate of osteoporosis for women 50 years of age and over averaged 243 per 100 000. 6 The West African experience with osteoporosis appears to be uniquely different. A 2014 Nature study reviewing hip fracture incidence worldwide included a chart of age-standardized osteoporosis rates. The Nigerian values were 2 hip fractures per 100 000 females, whereas that of Norway was 532.
3,30 A 2-year project conducted by Zebaze et al. 31 in the West African nation of Cameroon, which was published in 2003, reported a low-energy trauma fracture rate for females over 35 at 4.1 per 100 000. The unusually low susceptibility rate for the West African nations did not raise eyebrows in the medical community because researchers had theorized as early as 1966 that Africans did not suffer from postmenopausal osteoporosis because of a short life expectancy, a more active lifestyle than industrialized westerners and the lack of medical facilities to treat and record osteoporotic disease. 28, 32 However, none of these assumptions proved valid when osteoporosis rates were compared within regions of Africa, sharing similar life expectancies and socio-economic conditions.
Animal protein and osteoporosis
The identification of candidate genes involved in the immediate pathogenesis of osteoporosis lies beyond the scope of this study, which, instead, examines broad ecological and evolutionary patterns of osteoporotic susceptibility. However, in recent years, a growing number of medical researchers have endorsed what is commonly referred to as the 'acid-ash' theory. It stipulates that low circulating 25-hydroxyvitamin D, caused by excess acidity produced during the metabolism of animal protein, raises the risk of osteoporosis. 33 However, the correlation analyses presented in this paper suggest that animal protein may not be as pivotal a factor in the disease's etiology as dairy calcium (Figures 1 and 3) . It is generally true that the consumption of animal protein is greatest in the West, where susceptibility to osteoporosis is highest. 34 Dairy farming and beef consumption are naturally correlated, as the availability of cows for dairy farming enhances the availability of beef in the food supply. The one exception does represent 17% of the global human population-India. Although that country's inhabitants consume 105.10 kilograms of dairy per capita each year, the consumption of animal protein for this predominantly vegetarian nation is only 3.3 kilograms. Osteoporosis is widely prevalent in India and is a common cause of morbidity and mortality in both men and women. 31, 35 Data reliability In comparing hip fracture rates among the African ethnicities, this study has eliminated some of the confounding factors that might otherwise arise in comparing osteoporotic risk among culturally diverse European and African populations. It then compares these findings with a regression analysis of hip fracture rates and several relevant independent variables on a global basis ( Figure 6 ). However, attesting to the reliability of what appear to be such marked differences in postmenopausal hip fracture rates between East Africa (Kenya-243) and West Africa (Cameroon-3) when the data are so scanty requires a different approach.
For nearly three decades, medical researchers had grappled with the 'paradox' of African-Americans being deemed calcium deficient by national nutritional standards, while suffering the lowest rate of osteoporosis and highest bone mineral density (BMD) levels of any American ethnic group. 36, 37 In terms of genetic ancestry, American blacks are an admixed ethnic population of B80% West African/Niger-Kordofanian and B20% European ancestral quanta. Their low dairy consumption rate is attributable to the fact that 70% of this population is also lactase non-persistent. 38 However, a series of clinical studies begun in the 1990s showed that Black children and adults excreted less urinary calcium than whites on essentially the same diets and consequently retained more calcium in their skeletons. 39 Greater calcium retention generated faster rates of bone growth during adolescence. Also, parathyroid hormone concentrations did not result in increased bone loss as seems to be the cause in European ethnicities that have been studied, because of skeletal resistance to that hormone. 39 In short, the more efficient process of calcium homeostasis found in the physiology of this low to non-dairy consuming ethnic population more than made up for the reduced dietary calcium intake. 39 African-Americans' verifiably low rate of osteoporosis did in fact support the sketchy data pointing to their Niger-Kordofanian genetic ancestors' low susceptibility to the disease. *Pearson Correlations analyzes using MINITAB 17, from data presented in Table 1 Figure 6 A graph depicting the degree of correlation between Hip Fracture Rates per 100 000 and 5 independent variables: dairy consumption, lactase persistence, animal protein consumption, per capita income and habitation in tsetse or non-tsetse zones.
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Hip fracture vs BMD Hip or femoral fracture rates are used in this study because this fragility fracture pattern is commonly applied in diagnosing osteoporosis. It is often due to a fall or minor trauma in someone with weakened osteoporotic bone. Also, as a point of clarification, this study relies on hip fracture rather than BMD data, whose lumbar and spinal measures are used in the US and Europe to diagnose osteoporosis in women with low bone density. Although low rates of BMD have correlated with high susceptibility to osteoporosis among European populations, a series of studies have shown this not to be the case among all ethnicities. Blacks in South Africa as well as the West African nation of Gambia have exhibited BMD measurements lower than those of age-matched Whites, but these groups retained low osteoporosis rates. 40 Also, BMD data were not available in the areas covered by this study. Only one dual-energy X-ray absorptiometry scanner, used to diagnose BMD, exists in the entire East Africa region of 131.1 million inhabitants. 41 Although the development of the Fracture Risk Assessment Tool algorithm by the World Health Organization has improved osteoporosis detection in other parts of the world, Kenya is one of the few African nations that has adopted the less technologydependent Fracture Risk Assessment Tool. 42 
Materials and Methods
This study uses ecological correlation modeling to assess associations between post-menopausal female hip fracture rates and factors identified by comparing sub-Saharan populations and a global sampling with differing osteoporotic risks. The pinpointed independent variables include per capita dairy consumption, lactase persistence alleles, animal protein consumption, per capita GDP and location in or outside the African tsetse belt. Pearson correlations and Fitted Line/Scatter Plots produced using MINITAB 17 software (Figure 6 ). In the absence of fracture registries in Africa, this research uses data and observations found in AJOL (African Journals Online-an index of peerreviewed African scholarly journals based in South Africa). 43 For the global distribution of age-adjusted hip fracture risk, per capita dairy, animal protein consumption and lactase persistence alleles, it uses an interdisciplinary review of epidemiological and medical literature found in a search of PUBMED and JSTOR (Scholarly Journal Archive), which is a digitized library of academic articles in history, geography and a wide variety of other disciplines ( Tables 1 and 2 ). The search period dated from 1 January 1970 to 30 April 2015. The terms, some of which had been searched singly then merged through the use of AND, were taken from peer-reviewed articles and included the following keywords: osteoporosis, hip fracture, fragility fracture and Africa, ethnic, blacks in US, tsetse fly, tsetse belt, trypanosomiasis, LCT, MCM6 polymorphisms, C/T À 13 910, C-14010, G-13907, G-13915 genotype, lactase persistence/lactose tolerance, lactase non-persistence/lactose intolerance, hypolactasia, l tsetse fly dairy, milk production, milk consumption, calcium homeostasis, Africa, African-Americans, India, global and NHANES.
Conclusion
Most genetic research involved in identifying osteoporoticcandidate genes has not targeted the MCM6 gene or its LCT-associated SNPs as critical factors. Although this regression study does show an association between dairy pastoralism/farming, osteoporotic risk and the possession of lactase persistence alleles, the correlations do not in and of themselves establish a causal relationship between the two variables. However, when the differential osteoporosis rates of East and West Africans are juxtaposed with studies showing global correlations and a more efficient calcium homeostasis among low dairy consuming African-American descendants of Niger-Kordofanians, the evolutionary link between hip fracture rates and dairy consumption becomes compelling.
However, a caveat must also be acknowledged here. This project has called attention to the importance of differentiating the lactase non-persistence genotype found among non-dairy consuming ethnic groups from that found in Northern European individuals, who carry a variant of the lactase persistence polymorphism. Some level of dairy consumption may be needed to support bone health in Europeans, East Africans, Middle Easterners and others who carry this LCT-associated allele. 44 However, the same prescription might prove less than beneficial in lactase non-persistence ethnic populations, whose bone health or that of their descendants could be compromised by calcium overload. Thus, an additional issue in need of further study is the long-term consequences of feeding dairy products to those lactase non-persistence populations who exhibit high levels of bone health and low osteoporotic risk on account of biological differences in calcium homeostasis.
Lactase persistence and lactase non-persistence traits may be used to estimate osteoporosis risk in aggregated ethnic populations. However, these phenotypes do not determine the disease risk of self-identified members of ethnic groups, who have not been genetically tested for the presence of the requisite gene variants.
This research also identifies a simple, phenotypic criterion for determining osteoporotic susceptibility in ethnic populationslactase non-persistence. Its predictive value will aid in determining which developing nations should allocate future public health resources to osteoporosis. The current assumption that this bone disorder is a function of attaining higher standards of living and increased animal protein consumption is not borne out by the data. These findings also suggest that ethnic minorities in the West who are lactase lactase non-persistent may benefit from lower dietary calcium levels than lactase persistence majority populations.
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